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Abstract: Monodisperse submicron CoFe,O, spheres were prepared by solvothermal method. Polydopa-
mine-coated silica@CoFe,O, composite particles were synthesized by combination of Sol-Gel process and in situ
self-polymerization method, in which tetraethyl orthosilicate (TEOS) and dopamine were used as the precursor for
silica and polydopamine (PDA), respectively. The PDA@SiO,@CoFe,0, composites had a multilayer core-shell
structure with PDA as the outermost layer shell. Then, numerous of silver nanoparticles were assembled on the sur-
face of PDA@SiO,@CoFe,0, via the reduction of Ag* by the surface PDA on the composites. The morphology,
structure, and composition of the composites were characterized by transmission electron microscope (TEM), X-ray
powder diffraction (XRD), X-ray photoelectron spectrometry (XPS), vibrating sample magnetometry (VSM), and
inductively coupled plasma optical emission spectrometry (ICP-OES). Antibacterial experiments indicated that the
as-prepared composites could restrict up to 92% Escherichia Coli (E.Coli) and Staphylococcus Aureus (S.Aureas) at
0.6 mg/mL Ag. In addition, the composites showed a strong magnetic response to an externally applied magnetic

field, so it could be reused.
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Fig. 1 TEM images of magnetic nanoparticles (a, b), silica-coated magnetic nanoparticles (c, d), polydopamine coated
SiO,@CoFe,0, (e, f) and Ag/PDA@SiO,@CoFe,0, (g, h) NPs
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Fig. 2 XRD patterns of CoFe,0, (a), PDA@ SiO,@CoFe,0,(b)
and Ag/PDA@SiO,@CoFe,04(c) particles
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Fig. 3 XPS spectra of the Ag/PDA@SiO,@CoFe,0, NPs
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Fig. 4 Hysteresis loops of the magnetic CoFe,O, core, PDA@
SiO,@CoFe,0,and Ag/PDA@SiO,@CoFe,04 NPs
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Fig. 5 Inhibition zones of Sterile water, PDA@SiO,@CoFe,0,, Ag/PDA@SIO,@CoFe,0, and Ag NPs against (a) E.Coli and (b) B.Subtilis
(al-a4, b1-b4 samples containing Ag at concentrations of 0.2, 0.4, 0.6, and 0.8 mg /mL)
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Table 1

Inhibition zone diameters of the Ag/PDA@SiO,@CoFe,0O, and Ag NPs against E.coli and S.aureas

(Diffusion (cm) = final inhibition zonediameter(cm)-initial diameter(cm)

E.coli Inhibition zones/cm

B.subtilis Inhibition zones/cm

Concentration/(mg-mL™)

B Cc B Cc
0.2 0.5 0.3 0.2 0.1
0.4 0.7 0.5 0.4 0.2
0.6 0.8 0.6 0.8 0.5
0.8 1.0 0.8 11 0.7

N

(b) S.Aureus
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Fig. 6

Images of colonies on MH agar plates cultured of E.Coli and B.Subtilis



528 7T Nl ORE E IR % 32%
[91 DONGY, LIU T, SUN S, et al. Preparation and characterization of
3 2:51«/[:\, SiO,/polydopamine/Ag nanocomposites with long-term antibacte-

Z B m R [ R A VAL #] Sio,@CoFe,0,4
K, FR¥s AQIRALIE R DU S PDA K, TEM 45
RERABH Ag KDY — sy BT
Ag/PDA@SIiO,@CoFe,0, A5 415, HA kML
FETAR, 70 B RS0 rhon) o 22 PG M B R BH M e R
AR A AR ORI 92%LL b fEAH
W] Ag i Z T, Ag/PDA@SIO,@CoFe,0, 31 B4 fig
B 258 T Ag NPso 45 REEA #ETE A A% HAW & 43
i, RIS BN H B A )k 24
FERE, AT 75 7K A T A A AT

2 % 3k

[1] HOLMES J D, LYONS D M, ZIEGLER K J. Supercritical fluid
synthesis of metal and semiconductor nanomaterials. Chemistry,
2003, 9(10): 2145-2151.

[2] VERIANSYAH B, KIM J D, MIN B K, et al. Continuous synthesis
of surface-modified zinc oxide nanoparticles in supercritical me-
thanol. the Journal of Supercritical Fluids, 2010, 52: 76-83.

[3] GHODAKE G, LIM S R, LEE D S. Casein hydrolytic peptides
mediated green synthesis of antibacterial silver nanoparticles. Col-
loids & Surfaces B Biointerfaces, 2013, 108(4): 147-151.

[4] VAIDYANATHAN R, KALISHWARALAL K, GOPALRAM S, et
al. Nanosilver--the burgeoning therapeutic molecule and its green
synthesis. Biotechnology Advances, 2009, 27(6): 924-937.

[5] BORM P J, ROBBINS D, HAUBOLD S, et al. The potential risks
of nanomaterials: a review carried out for ECETOC. Particle &
Fibre Toxicology, 2006, 3(3): 1-35.

[6] WANG D P, ZENG H C. Creation of interior space, architecture of
shell structure, and encapsulation of functional materials for mes-
oporous SiO, spheres. Chemistry of Materials, 2011, 23(22):
4886-4899.

[71 HOFFMANN F, CORNELIUS M, MORELL J, et al. Silica-based
mesoporous organic—inorganic hybrid materials. Angew. Chem. Int.
Ed., 2006, 45: 3216-3251.

[8] YINH, YEY, ZHANG Y, ef al. Phosphate removal from wastewa-
ters by a naturally occurring, calcium-rich sepiolite. Journal of
Hazardous Materials, 2011, 198(2): 362-369.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[29]

[20]

[21]

rial activity. Ceramics International, 2014, 40(4): 5605-5609.
CHI'Y, YUAN Q, LI Y, et al. Synthesis of Fe;0,@SiO,-Ag mag-
netic nanocomposite based on small-sized and highly dispersed
silver nanoparticles for catalytic reduction of 4-nitrophenol. Jour-
nal of Colloid & Interface Science, 2012, 383(1): 96-102.

LV B, XU Y, TIAN H, et al. Synthesis of Fe;0,\SiO,\Ag nanopar-
ticles and its application in surface-enhanced Raman scattering.
Journal of Solid State Chemistry, 2010, 183(12): 2968-2973.

LI L, CHOO E S G, TANG X, et al. Ag/Au-decorated Fe;0, /SiO,
composite nanospheres for catalytic applications. Acta Materialia,
2010, 58(11): 3825-3831.

LEE H, DELLATORE S M, MILLER W M, et al. Mussel-inspired
surface chemistry for multifunctional coatings. Science, 2007,
318(5849): 426-430.

ZHANG L, WU J, WANG Y, et al. Combination of bioinspiration:
a general route to superhydrophobic particles. Journal of the
American Chemical Society, 2012, 134(24): 9879-9881.

LIU Y, Al K, LU L. Polydopamine and its derivative materials:
synthesis and promising applications in energy, environmental, and
biomedical fields. Chemical Reviews, 2014, 114(9): 5057-5115.
ZHANG M, ZHENG J, ZHENG Y, et al. Preparation, characteriza-
tion and catalytic activity of core—satellite Au/Pdop/SiO,/Fe;0,
magnetic nanocomposites. RSC Advances, 2013, 3(33): 13818-13824.
LIU X C, WANG G C, LIANG R P, et al. Environment-friendly
facile synthesis of Pt nanoparticles supported on polydopamine
modified carbon materials. J.mater.chem.a, 2013, 1(1): 3945-3953.
ZHANG M, ZHANG X, HE X, et al. A self-assembled polydopa-
mine film on the surface of magnetic nanoparticles for specific
capture of protein. Nanoscale, 2012, 4(10): 3141-3147.

WANG W, JIANG Y, LIAO Y, et al. Fabrication of silver-coated
silica microspheres through mussel-inspired surface functionaliza-
tion. Journal of Colloid & Interface Science, 2011, 358(2): 567-574.
LI W R, XIE X B, SHI Q S, et al. Antibacterial activity and
mechanism of silver nanoparticles on Escherichia coli. Applied
Microbiology & Biotechnology, 2010, 85(4): 1115-1122.

SUN H, LI G NIE X, et al. Systematic approach to in-depth un-
derstanding of photoelectrocatalytic bacterial inactivation mecha-
nisms by tracking the decomposed building blocks. Environmental
Science & Technology, 2014, 48(16): 9412-9419.



